In a double blind study we have investigated the effects of epidural local anaesthesia (LA), when added to general anaesthesia (GA) and postoperative paracetamol and NSAID, on postoperative pain and gastrointestinal function in patients undergoing open hysterectomy. Sixty patients were randomized into three study groups: GA, and postoperative paracetamol and NSAID (GA, n=20); GA, paracetamol, NSAID, intraoperative epidural lidocaine and 24-h postoperative epidural saline (Saline, n=20); or GA, paracetamol, NSAID, intraoperative epidural lidocaine and 24-h postoperative epidural bupivacaine (Bupi, n=20). Patients were observed for 72 h postoperatively. Pain at rest, during cough, and mobilization, request for supplementary morphine, and time to ®rst postoperative¯atus, was reduced in patients receiving 24-h postoperative epidural anaesthesia, compared with the two other groups. However, these effects of epidural LA, were not sustained beyond the period of infusion, and no differences in PONV, time to ®rst postoperative defecation, mobilization or time to discharge from hospital were observed between groups. A 24 h postoperative epidural infusion with bupivacaine, when added to postoperative paracetamol and NSAID, reduces pain and opioid requirements, but has only limited effects on gastrointestinal function and patient recovery. Abdominal hysterectomy is associated with moderate to severe postoperative pain, 1±3 signi®cant nausea and vomiting 4±7 and reduced gastrointestinal (GI) motility. Reduced GI motility is considered to be a result of nociceptive and sympathetic neural activity induced by surgery, and may last for 2±5 days, depending on the technique applied for anaesthesia and postoperative analgesia.
Abdominal hysterectomy is associated with moderate to severe postoperative pain, 1±3 signi®cant nausea and vomiting 4±7 and reduced gastrointestinal (GI) motility. Reduced GI motility is considered to be a result of nociceptive and sympathetic neural activity induced by surgery, and may last for 2±5 days, depending on the technique applied for anaesthesia and postoperative analgesia.
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Epidural local anaesthetics (LA) results in effective pain relief 11 and improved GI motility compared with opioidbased analgesia after hysterectomy. 8 7 12 However, relative importance of spinal re¯ex activity induced by surgery/ postoperative pain, and perioperative opioid administration, for the reduction in GI motility, is not settled. 13 Hence, the bene®cial effect of epidural LA on postoperative GI function may be a result of neural block during and/or after surgery reduced opioid consumption, or both.
Paracetamol and NSAIDs have been shown to reduce pain and the need for opioids after hysterectomy. 14 15 In a recent study, combined paracetamol, NSAID, and continuous 24 h infusion of epidural LA provided effective postoperative pain relief after hysterectomy. Median time to ®rst passage of¯atus and faeces was less than 48 h. It was not clear from this study, however, whether the relatively short duration of GI paralysis was because of administration of intra-and postoperative epidural LA, an opioid-sparing effect of paracetamol and NSAID, or both. 11 The aim of this study was to compare the effect of combined general anaesthesia and postoperative paracetamol and NSAID, with or without intraoperative, or intraand 24 h postoperative epidural LA, on pain and GI function after abdominal hysterectomy.
Patients and methods
Sixty patients aged 18±75 yr undergoing elective abdominal total or supravaginal hysterectomy through a Phannenstiel or inferior median incision were included in the study. Informed written consent was obtained from all patients and approval was obtained from the local Ethics Committee and the Danish National Board of Health. Patients were recruited from the Department of Gynaecology, Herlev University Hospital, during the period January 1999 to September 2000. Patients were not included if they were unable to cooperate, had a body weight b (1.3Qbody height (cm) ± 100), moderate to severe heart or lung disease (ASA bIII), a history of drug or alcohol abuse, chronic pain or daily intake of analgesics, or had contraindications to NSAIDs or to insertion of an epidural catheter.
Preoperatively, patients were randomized by a computer program to general anaesthesia (the GA group), or combined general and epidural anaesthesia, using sealed envelopes. For patients randomized to combined general and epidural anaesthesia, a number referring to the postoperative epidural study drug, was stated in the envelope.
One hour before surgery patients had sublingual triazolam 0.125 mg.
Patients randomized to GA were induced with propofol 1.5±2.5 mg kg ±1 , alfentanil 1.0 mg, fentanyl 0.3 mg, and rocuronium 0.6 mg kg ±1 , and a tracheal tube was inserted. Propofol was given without nitrous oxide for maintenance of anaesthesia. If arterial pressure and/or heart rate increased to greater than 120% of initial values, fentanyl 0.1 mg was administered.
Patients randomized to epidural treatment, had an 18-gauge epidural catheter inserted through a Touhy needle and advanced 4±5 cm into the epidural space at the T10±11 level, and a 4 ml test dose of 2% lidocaine with ephinephrine was administered. A bolus dose of 16 ml of 2% lidocaine with epinephrine was administered, followed by continuous infusion of 8 ml h ±1 of 2% lidocaine throughout the operation. General anaesthesia was induced with propofol 1.5±2.5 mg kg ±1 and alfentanil 1.0 mg, and a laryngeal mask airway (LMA ² ) was inserted. Propofol without nitrous oxide was given for maintenance of anaesthesia. No additional doses of lidocaine or alfentanil were given.
For all patients, hypotension was treated with i.v. infusion of isotonic sodium chloride, HAES 6% or ephedrine 5 mg i.v. in incremental doses, when systolic arterial pressure was below 90 mm Hg. Fluid and blood losses were replaced according to the prescriptions of the department.
At skin closure, patients in the epidural group received bupivacaine 0.2% (the Bupi group) or saline (the Saline group) as a bolus of 8 ml and continuous infusion of 8 ml h ±1 for 24 h. The study drugs were prepared by the hospital pharmacy in identical containers, marked with a number, the name of the project and the investigators name. This part of the study was double blinded.
For the ®rst 48 h after surgery, all patients received 2 G paracetamol rectally every 8 h, thereafter 1 G orally every 6 h. For the ®rst 72 h, all patients received ketorolac 30 mg i.m. every 8 h. If additional analgesic was required, morphine 0.125 mg kg ±1 was given. Patients were given ondansetron 4 mg i.v., if they demanded antiemetics. If an additional antiemetic was required before another dose of ondansetron could be administered (8 h), metoclopramide 10 mg i.v. was given.
All patients were instructed preoperatively on the use of the visual analogue scale (VAS) pain score, and to request supplementary analgesic and antiemetics if needed.
Pain scores were assessed by the patients at 4, 6, 22, 24, 26, 30, 48, and 72 h after the operation on a VAS (0 mm=no pain, 100=worst pain imaginable) at rest, on coughing, and on mobilization from the supine to the sitting position. The number of morphine doses was recorded at the same times. Levels of sensory block to pinprick were assessed bilaterally at 6, 24, 26, and 30 h after operation; in the event of asymmetrical block the most extensive spread was recorded. Motor block was assessed using a four-point modi®ed Bromage scale (0=no motor block, 1=inability to raise extended legs, 2=inability to¯ex knees, 3=inability to¯ex ankle joints) at 6, 22, 24, 26, and 30 h after operation. Ability to walk on the¯oor (0=no dif®culty, 1=little dif®culty, 2=very dif®cult, 3=impossible, 4=dif®cult or impossible for other reasons than motor block) was assessed 1350 (800±2400) 1200 (500±2500) 1200(1000±2200) Perioperative 6% HAES (ml) 500 (0±1000) 500 (0±1000) 500 (0±1000)
LMA is the property of Intavent Limited GA/epidural vs GA alone to hysterectomy at 6, 22, 24, 26, 30, and 48 h after operation. The actual duration of mobilization (<1, 1±4, or >4 h) during the 24±48 and 48±72 h intervals was assessed at 48 and 72 h after the operation. Patients who were not able to mobilize at >4 h were asked for the primary reason for this. At all visits, gastrointestinal function was monitored by asking the patients if and when they had ®rst passage of¯atus and faeces, and if they had experienced nausea (0=no, 1=light, 2=moderate, 3=severe) and/or vomiting since last assessment.
Patients were encouraged to eat and drink whenever possible after the operation. Ingestion of prede®ned quantities of food and beverages was assessed at 24, 48, and 72 h after the operation.
Every 24 h after the operation, patients were assessed as ready or not ready for discharge from hospital, by four discharge criteria: (1) Normal defecation and no urinary retention: yes/no; (2) able to mobilize and dress: yes/no; (3) need for opioid: yes/no; (4) surgical complication requiring patient hospitalized: yes/no. When the patient scored yes on the two former, and no on the two latter questions, they were assessed ready for discharge from hospital.
The primary end-points of this study were pain during coughing, and time to ®rst passage of faeces. Power calculation for the pain score was based on results from an unpublished pilot study performed at our institution (VAS pain scores during cough, in the general anaesthesia group, 24 h after the operation: 40 mm; type 1 error: 5%; type 2 error: 20%; minimal difference not to be overlooked: 20 mm reduced pain score; sample size needed: 16 patients in each group). Power calculation for time to ®rst postoperative defecation was also based on the results from the unpublished pilot study in hysterectomy patients. (On day 3 after the operation, 17% have defaecated. Other type 1 error: 5%; type 2 error: 20%; minimal difference not to be overlooked: 50% reduction in time to ®rst postoperative defecation: sample size needed 14 patients in each study group.) Data are presented as medians with upper and lower quartiles. Statistical analyses were performed using the Mann±Whitney rank sum test for unpaired data, Wilcoxon signed rank sum test for paired data, and Fisher's exact test for dichotomous data, where appropriate. If multiple testing was performed, signi®cant P values were corrected with a Bonferroni factor for multiple comparisons.
In addition, a longitudinal analysis of VAS pain scores was performed. In order to make the normality assumption more reasonable, we performed a square root transformation of the VAS scores before analysis. The model allowed for correlation between measurements on the same patient, in the form of a random level and an autoregressive error over time. Apart from`time itself' (regarded as a categorical variable to allow for maximal¯exibility) and treatment group, we considered the covariates`duration of operation', age of patient' and`Phannenstiel or median inferior incision'. The analyses were made for three different VAS pain scores: at rest, during cough and during mobilization, and each 24 h interval was treated separately. A Cox regression analysis with time to ®rst postoperative faeces and¯atus as dependent variables was performed. Covariates chosen beforehand were: treatment group, duration of operation, milligram of morphine before the event and age. P<0.05 was considered statistically signi®cant. Calculations were performed using SPSS 9.0 for Windows and SAS 6.12 (PROC MIXED procedure).
Results
We considered 173 patients for inclusion in the study. One hundred and six patients were not included: 10 were aged more than 75 yr; four were unable to communicate properly; 13 were adipose; six had moderate to severe heart or lung disease or disseminated cancer; 10 used analgesics or during coughing, and (C) during mobilization from the supine to the sitting position. VAS pain scores were signi®cant lower both at rest, during cough and during mobilization until 24 h after the operation in the Bupi group, compared with both the GA group and the Saline group. suffered alcohol abuse; three had other surgical procedures in addition to hysterectomy; two needed anaesthetic procedures other than allowed in the protocol; 11 had contraindications to NSAIDs; 43 did not want to participate either because they wanted (n=13) or did not want (n=30) insertion of an epidural catheter; and four patients were not included because of lack of time. Sixty patients were included in the study, but seven of these were excluded: ®ve after randomization but before operation (two because of withdrawal of consent after randomization to epidural catheter, two because it was not possible to insert an epidural catheter and one because of change in the surgical procedure); and two at 8 h (one because of haemorrhage and reoperation and one because of withdrawal of consent). The hospital pharmacy produced a new series of sealed envelopes and blinded medicine in replacement for the seven excluded patients, and seven new patients were included. Thus data from 60 patients were included and analysed.
There were no signi®cant differences between groups for patient characteristics or operative data, except for peroperative fentanyl and ephedrine (Table 1) . Eleven and 10 patients in groups 2 and 3, respectively, needed i.v. ephedrine.
VAS pain scores were signi®cantly lower both at rest (P=0.006), during cough (P=0.01), and during mobilization (P=0.01) until 24 h after the operation in the Bupi group, compared with both the GA group and the Saline group (Fig. 1A±C) . Following the ®rst 24 h after the operation there were no signi®cant differences. Neither the duration of operation, age of patient, nor type of incision had signi®cant in¯uence on pain scores according to the longitudinal analysis.
Patients in the Bupi group requested a signi®cantly smaller amount of supplementary morphine from 0±24 h compared with the other two groups. There were no signi®cant differences in the number of patients requesting supplementary morphine, or in the number of doses, between groups at 24±48 or 48±72 h after the operation (Table 2 ). Preoperatively patients receiving epidural treatment had a sensory block extending from at least Th6 to L3 (median 13 dermatomes). Preoperatively and at 4 h after the operation, there were no signi®cant differences in the spread of sensory block between the Saline and the Bupi group. At 6, 22, 24, and 26 h after the operation, patients in the Saline group had a smaller spread than those in the Bupi group (P<0.035, after Bonferroni correction for seven comparisons).
There were no signi®cant differences in motor block, assessed by the modi®ed Bromage scale, at any assessment. At 24 h after the operation, 70% in the GA group compared with 65% in the Saline group and 45% in the Bupi group were able to walk on the¯oor without dif®culty (P>0.05); at 30 h the corresponding numbers were 75, 80, and 85% (P>0.05) (Fig. 2) . At 24 h after the operation, the ability to walk could not be evaluated for different reasons. In the GA group, patients stated dizziness (15%) and nausea (15%) as primary reasons, in the Saline group pain (20%) and nausea (10%), and in the Bupi group motor block (20%) and dizziness (20%). There were no differences in the actual duration of mobilization (Fig. 3) . The primary reasons for mobilizing <4 h were pain and fatigue both in the 24±48 and 48±72 h intervals.
Time to ®rst postoperative passage of¯atus was signi®-cantly reduced in the Bupi group compared with the other two groups (P=0.009) whereas time to ®rst postoperative defecation was not different between groups (P=0.70) (Fig.  4A and B) . Time to ®rst postoperative¯atus and defecation was not in¯uenced by duration of operation, amount of postoperative morphine, or age of patient according to the Cox regression analysis.
The three groups had a similar incidence of nausea and vomiting (Table 3 ). There were no signi®cant differences in the number of patients requesting antiemetics or the number of doses between groups at 0±24, 24±48, and 48±72 h after the operation (P>0.2 and P>0.2) ( Table 4 ). Side effects were of a mild nature in most patients, except for nine (three in the GA and six in the Saline group) who experienced severe nausea.
There were no signi®cant differences between groups with respect to amount and time to ingestion of food and beverages, from 0±24, 24±48, or 48±72 h after the operation (data not shown).
Most patients had an indwelling bladder catheter, which was removed on the morning after surgery. After removal, two patients, one from the Saline group and one from the Bupi group, complained of urinary retention, lasting a few hours.
Patients ful®lled discharge criteria at median 3 (quartiles 3±4), 4 (3±6), and 5 (3±7) days after operation in the GA-, Saline-and Bupi groups, respectively (ns).
Discussion
The challenge of modern anaesthesia and perioperative medicine is to create ef®cient treatment regimens with an optimal balance between protective and unwanted effects, in order to ensure patient safety and comfort, and to facilitate recovery.
The main problems of abdominal hysterectomy in the immediate perioperative period are pain, PONV, and gastrointestinal paralysis, which may postpone recovery and discharge from hospital. The optimal anaesthetic regimen for this procedure should carry a low risk, along with effective pain relief and minimal, if not protective, effects on the gastrointestinal dysfunction and PONV induced by surgery. Hence, anaesthetics and analgesics, which produce effective analgesia with a low potential for gastrointestinal side effects, should be advantageous.
This study was designed to investigate whether addition of intraoperative, or intraoperative plus 24 h postoperative epidural analgesia to an opioid-sparing regimen with Results showed a signi®cant reduction in pain and need for supplementary morphine during epidural treatment with bupivacaine. This effect was, however, not sustained beyond the time of the epidural infusion. Gastrointestinal function was only marginally improved, with a minor reduction in time to ®rst postoperative¯atus. Side effects, including PONV, were similar in the three study groups, as was recovery as measured by ability to ambulate, oral ingestion of food and¯uid, and ful®lment of discharge criteria.
Intraoperative epidural analgesia per se had no in¯uence on postoperative pain or gastrointestinal function compared with the GA group. Hence, no protective analgesic effect of neither a short lasting, nor a 24-h epidural regimen with LA was observed in this study.
Previous studies, in patients undergoing abdominal hysterectomy 8 and colonic surgery, 16±18 have shown that an epidural regimen with LA reduces postoperative pain compared with regimens based on systemic opioids. The present study con®rms these results. A longitudinal analysis of variance components, with pain score as the dependent variable, was performed in this study. The covariates, other than treatment group: duration of operation, age of patient, and type of incision were included in the analysis with a hypothesis generating purpose, but none of these showed signi®cant in¯uence on postoperative pain scores. However, it may be that the insigni®cant results could also be a result of the limited range of covariates and study size.
In contrast to a meta-analysis of previous studies, 8 16 19±21 showing a reduction in time of postoperative gastrointestinal paralysis of about 40 h, 10 the effect of epidural LA on gastrointestinal function in the present study was only small. In contrast to previous studies (except for ref. 17) , patients in the GA (control) group in our study received both paracetamol and NSAID, and this opioid-sparing regimen may have reduced gastrointestinal paralysis and thus blunted the effect of epidural anaesthesia. This suggestion, however, has to be con®rmed in controlled studies.
No differences in the incidence of side effects was found in this study, but the relative small number of patients in each study group, does not allow ®rm conclusions.
To be able to evaluate effects of the different regimens on recovery itself, criteria concerning ambulation, oral ingestion of food and¯uid, and discharge from hospital were standardized. It should be emphasized, though, that ful®ll-ing discharge criteria did not necessarily mean that patients were actually discharged from hospital. Thus, patients in the GA-, the Saline-, and the Bupi group were actually discharged from hospital on the fourth, ®fth, and ®fth day, respectively. The most frequent reason for this discrepancy was either a different assessment by the surgeon, or social causes concerning the patient. Still, no differences were observed between groups, and improved analgesia during GA/epidural vs GA alone to hysterectomy the ®rst postoperative 24 h was not followed by faster recovery in the Bupi group.
In conclusion, a 24 h postoperative epidural infusion with bupivacaine, when added to postoperative paracetamol and NSAID, reduced pain and opioid requirements, but had no analgesic effects beyond the time of the epidural infusion, and only limited effects on gastrointestinal function and patient recovery after abdominal hysterectomy. Epidural anaesthesia may be super¯uous in this surgical procedure.
